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This descriptive study was conducted in Khartoum and Omdurman 
Teaching Hospitals in period from December ( 2004) to April (2005).  
The aim of the study was to find out the prevalence of the different 
aerobic bacteria causing postoperative wound infection and its sensitivity 
pattern to different type of antibiotics.  
Fifty samples of pus were collected from patients suffering from 
postoperative wound infection by sterile swabs. The swab were transport 
on ice in a thermoflask to the microbiology lab and examined 
becteriologically.  
The study revealed that Staphylococcus aureus (24,6%), Echerichia 
coli (23%), Klebsiella species (16,9%) and pseudomonas areuginosa 
(12,3%) Proteus species (10,8%) were the main causative agent of 
postoperative wound infection.  
When isolated bacteria were examined for sensitivity  to the antibiotic 
commonly used to control and treat  postoperative wound infection at 
Khartoum and Omdurman Hospital, 35.4% of the isolates were found 
completely resistant to all tested antibiotic, 9.2% were sensitive to 
penicillin, 13.9% sensitive to amoxicillin clavulanic acid, 33.8% sensitive 




Isolates which were completely resistance to the tested  antibiotics 
were further tested for sensitivity  to other types of antibiotic  which are not 
common used in these hospitals to control and treat postoperative wound 
infections. 
 All gram negative resistance isolate were Sensitive to amikacin and 






















أﺟﺮﻳѧѧﺖ هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ اﻟﺘﺤﻠﻴﻠﻴѧѧﺔ ﻓѧѧﻲ وﻻﻳѧѧﺔ اﻟﺨﺮﻃѧѧﻮم ﺑﻤﺴﺘѧѧﺸﻔﻰ اﻟﺨﺮﻃѧѧﻮم وأم درﻣѧѧﺎن 
  . م5002 إﻟﻰ إﺑﺮﻳﻞ 4002اﻟﺘﻌﻠﻴﻤﻴﻴﻦ ﻓﻰ اﻟﻔﺘﺮة ﻣﻦ دﻳﺴﻤﺒﺮ
هﺪﻓﺖ هﺬﻩ اﻟﺪراﺳѧﺔ إﻟѧﻰ ﻣﻌﺮﻓѧﺔ اﻧѧﻮاع اﻟﻤﻴﻜﺮوﺑѧﺎت اﻟﻬﻮاﺋﻴѧﺔ اﻟﻤѧﺴﺒﺒﺔ ﻹﻟﺘﻬѧﺎب ﺟѧﺮوح ﻣѧﺎ 
  . ﺑﻌﺪ اﻟﻌﻤﻠﻴﺎت وآﺬﻟﻚ  ﻣﻌﺮﻓﺔ أآﺜﺮ اﻟﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ ﺣﺴﺎﺳﻴﺔ ﻟﻬﺎ
ﺟﻤﻌﺖ ﺧﻤﺴﻮن ﻣﺴﺤﺔ ﻣﻦ اﻟﺼﺪﻳﺪ ﻣﻦ ﻣﺮﺿﻰ ﻳﻌﺎﻧﻮن ﻣﻦ اﻟﺘﻬﺎﺑﺎت ﺟﺮوح ﺑﻌﺪ اﻟﻌﻤﻠﻴѧﺎت 
راﺳﺔ أن أهﻢ أﻧﻮاع اﻟﺒﻜﺘﺮﻳѧﺎ اﻟﻤѧﺴﺒﺒﻪ ﻹﻟﺘﻬѧﺎب ﺟѧﺮوح أﻇﻬﺮت اﻟﺪ . وﺑﻌﺪ إﺟﺮاء اﻟﺘﺤﺎﻟﻴﻞ اﻟﺒﻜﺘﺮﻳﻮﻟﻮﺟﻴﺔ 
واﻟﻤﺘﺤﻮﺻѧﻠﺔ %( 1.32)واﻹﺷﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴﺔ     %( 6,42)ﺑﻌﺪ اﻟﻌﻤﻠﻴﺎت هﻲ اﻟﻤﻜﻮرات اﻟﻌﻨﻘﻮد ﻳﺔ 
  %( 6,01)واﻟﻤﺘﻘﻠﺒﺔ%( 3.21)واﻟﺰاﺋﻔﺔ اﻟﺰﻧﺠﺎرﻳﺔ %( 9,61)
ﻜѧѧﻞ ﻣﻨﻬѧѧﺎ ﻣﻘﺎوﻣѧѧﺔ ﺗﺎﻣѧѧﺔ ﻟ% 63أﺧﺘﺒѧѧﺎرات اﻟﺤѧѧﺴﺎﺳﻴﺔ ﻟﻠѧѧﺴﻼﻻت اﻟﻤﻌﺰوﻟѧѧﺔ أﻇﻬѧѧﺮت أن 
اﻟﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ اﻟﺸﺎﺋﻌﺔ اﻻﺳﺘﺨﺪام ﻓﻲ ﻣﺴﺘﺸﻔﻰ اﻟﺨﺮﻃﻮم اﻟﺘﻌﻠﻴﻤﻲ وﻣﺴﺘѧﺸﻔﻰ أﻣѧﺪرﻣﺎن اﻟﺘﻌﻠﻴﻤѧﻲ،  
% 8.33، (اﻣѧѧﻮآﻼن)ﺣѧﺴﺎﺳﺔ ﻟﻸﻣﻮآﺴѧﺴﻠﻴﻦ آﺎﻟﻔﺎﻧѧﻚ أﺳѧﺪ % 9.31ﻓﻘѧﻂ ﺣѧﺴﺎﺳﺔ  ﻟﻠﺒﻨѧﺴﻠﻴﻦ و% 6.9
  . ﺣﺴﺎﺳﺔ ﻟﻠﺴﻔﺮﻳﻮآﺰاﻳﻢ% 5.81ﺣﺴﺎﺳﺔ ﻟﻠﺠﻨﺘﺎﻣﺎﻳﺴﻴﻦ و % 72ﺣﺴﺎﺳﺔ ﻟﻠﺴﺒﺮوﻓﻠﻮآﺴﺎﺳﻴﻦ و
 اﻟﻤﻘﺎوﻣﺔ آﻠﻴﺎ ًﻟﻠﻤﻀﺎدات أﺧﻀﻌﺖ ﻟﻠﻤﺰﻳﺪ ﻣﻦ إﺧﺘﺒﺎرات اﻟﺤﺴﺎﺳﻴﺔ ﻟﻠﻤѧﻀﺎدات آﻞ أﻷﻧﻮاع 
ﺣﻴﻮﻳﺔ أﺧﺮى ﻏﻴﺮ ﺷﺎﺋﻌﺔ اﻹﺳﺘﻌﻤﺎل ﻓﻰ اﻟﻤﺴﺘﺸﻔﻴﺎت اﻟﻤﺬآﻮرة ﺳѧﺎﺑﻘًﺎ ﺣﻴѧﺚ أﻇﻬѧﺮ اﻷﻣﻜѧﺴﻴﻦ ﺣѧﺴﺎﺳﻴﺔ 
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INTRODUCTION   
From a microbiological perspective, the primary function of 
normal intact skin is to control microbial pollution that live on the skin 
surface and prevent underlying tissue from becoming colonized and 
invaded by potential pathogens (Bowler et al., 2001).  
Wounds occur when a break in the continuity of the skin or 
mucous membranes exposes the underlaying tissues, this may result from 
accidental injuries, burns, surgical operation (Thomas, 1988). Wound 
infection remains a major source of morbidity accounting for about a 
quarter of total number of nosocomial infection. The pathogens implicated 
in the development of wound infection remain largely the human 
microorganism from exogenous environment and the endogenous organs 
(Nichols, 1991).  
Postoperative wound infection occurs when the bacteria present 
with surgical wound multiply and excite a local reaction with or without a 
systemic response from the host, it includes any local manifestation of 
inflammation with heat, redness, swelling, pain and purulent discharge 
(Lawal et al., 1990).  
Surgical infection associated not only with increased morbidity but 
also with mortality. Seventy-seven percent of the deaths of surgical patient 
were related to surgical wound infection. It was calculated that a relative 
risk of death of 2.2% was attributable to surgical sit infection, compared to 
  
 
matched surgical patients without infection (Hemant et al., 2002).  
Surgical wound infection consumes a considerable proportion of 
health care expenditure. Infections of hospital-acquired wounds are among 
the leading nosocomial causes of morbidity and increasing medical expense 
(Kotisso and Aseffa, 1998). 
 The incidence rate of wound infection may vary depending on the 
patient characteristic (age, pre-existing illness, immunological status, 
length of pre-operative hospitalization, the type and duration of operation, 
the body site involved, and the wound class as defined by the degree of 
intraoperative bacterial contaminated (clean, clean contaminated, 
contaminated, and dirty) (Kotisso and Aseffa, 1998). with the exception of 
clean operation surgical wound infection are recognized as having 
polymicrobial etiology involving both aerobic and anaerobic 
microorganism (Bowler et al., 2001).It was established 91% of post 
operative wound infection was caused by aerobic bacteria, 2% by anaerobic 
bacteria, and 6% by fungi, viruses protozoa and parasite each accounted for 
less than 1% (Hughes et al., 1983). 
The objective of this work was to isolate, identify and study the 
antibiotic sensitivity pattern of aerobic bacteria associated with 
postoperative wound infection in patient at Khartoum and Omdurman 






1.1 Types of hospital acquired infections:  
Infections associated with any hospitalization could be divided 
into two categories (Rayan, 1984). Community acquired infections and 
Nosocomial infection.  
1.1.1 Community acquired infection:  
As defined by the Center for Disease Control  (CDC), USA, 
community-acquired infection are those infections that are present or 
incubating at the time of hospital admission, and may be important as they 
are potentials for spread within the hospitals, all others are considered 
nosocomial infection including those that appear within 14 days of hospital 
discharge (Ryan, 1984).  
1.1.2 Nosocomial infection:  
Nosocomial infection is an infection that is not present or 
incubating when a patient is admitted to hospital. Bacterial nosocomial 
infection generally have onset more than 48 hours to 72 hours after hospital 
admission, or a nosocomial infection is one acquired during hospitalization 
(Lennette et al., 1985). Moreover, an infection classified as nosocomial is 
one in which the patient first becomes symptomatic more than 48 hours 
after admission, and incubation period was shorter than the duration of 
  
 
hospitalization or was known (Clark and Malan, 1981), in determining 
whether a given infection is nosocomial or community-acquired, the 
incubation period of the specified infection must be considered. Some 
nosocomial infection, such as surgical wound infection, may have onset 
after a patient is discharged from the hospital (Lennette et al., 1985).  
Postoperative infection constitutes one-third of all nosocomial 
infection in most institution. Most wound infections probably come from 
the patients or personnel through direct contact during the operation or later 
in recovery room or ward (Clark and Malan, 1981).  
1. 2 Modes of transmission of nosocomial infection:  
Four modes of transmission of nosocomial pathogen exist 
(Branchman, 1979). The most common mode of transmission in (USA) is 
contact transmission, which may result from contact between patients or 
between patients and patient-care personnel, indirect contact transmission 
occurs when an animate object in the environment, e.g. endoscopes, 
become contaminated and are not adequately disinfected or sterilized 
between patients. Droplet transmission, another form contact spread, occurs 
by means of large droplet, which can spread over few feet.  
The second mode of transmission is common vehicle 
transmission. Example of contaminated common vehicle implicated in the 
transmission of nosocomial infection include, food, blood and blood 
products diagnostic reagent and medication.  
  
 
The third most common mode of transmission is airborne 
transmission, in such instances, infectious agent have been transmitted over 
great distances. Vector-born transmission of nosocomial pathogens is rare 
(Lennete et al., 1985).    
1.3 Classifications of surgical wounds:  
According to Wright (1982) surgical wound can be classified into 
three categories:  
          1.3.1 Clean operation wounds:  
Clean surgery that does not involve incisions through the 
gastrointestinal, respiratory, or genitourinary tract, is usually associated 
with low sepsis, or very low sepsis rate of less than 2.5%. The most 
common causative organism is Staphylococcus aureus. 
1.3.2 Contaminated operation wounds:  
Surgery that involves a site with known normal flora apart from 
the skin is found to present additional risks of wound contamination. This 
includes the colon, gall bladder mouth or vagina, where the contamination 
is high such as occurs when removing a non-inflamed appendix the sepsis 
rate may be little higher than with clean surgery. The causative organisms 
are Gram-negative bacilli such as Escherichia coli.     
1.3.3 Infected operation wounds:  
The operation site may occasionally be infected at the time of 
surgery as with incision of an abscess. The sepsis rate in this type of wound 
  
 
will naturally approach 100%.  
1.4 Frequency of postoperative wound infection:  
Contamination of postoperative wounds with subsequent infection 
can occur from either endogenous or an exogenous source. The risk of 
endogenous contamination is dependent upon type and class of operation 
being preformed. Surgical field involving the colon or other non-sterile 
structure are more likely to get infected than those involving clean area 
such as with hip-replacement (Wenzel, 1981).  
After urinary tract infection surgical wound infection is common 
nosocomial infection accounting for 25.4% of all hospital acquired 
infection at University Hospital, Kuala Lumpur (Abu-Hanifah, 1990).  
Wound infection after coronary artery bypass operations have been 
continuously monitored for 15 years. All patients were followed up for 30 
days, from 1977 - 1991, 2402 coronary artery bypass operations were 
performed, and wound infection developed in 125 (5%) patients. Wound 
infections were diagnosed after 4 to 30 days post operation, with 50% 
occurring after discharge from hospital (Slaughter et al., 1993).  
The magnitude and pattern of surgical wound infection in 
Teaching Hospital in Gondar, northwest Ethiopia as studied prospectively 
over one year period .Out of 129 abdominal surgical wound, fifty (38,7%) 
yielded pathogenic organism on culture, wound infection was significantly 
associated with class of wound with the highest rate being 61.4% for 
  
 
contaminated or dirty wound, there is no difference in infection rate 
between emergency and elective operation (Kotisso and Aseffa, 1998). 
Nichols and Smith (1993) found that the infectious complications 
post operation for penetration abdominal were major cause of morbidity, 
which contributed significantly to increased length of hospitalization and 
the cost of patient-care.  
From May 1989 to February 1990, 1164 patients were followed in 
the service of orthopedic surgery and traumatoloy, for the development of 
nosocomial infections, among them postoperative wound infections 
represented 21% (with 12% superficial and 9% deep infections) (Janin       
et al., 1993).  
In study carried out in 100 patients undergoing surgery at Police 
University Hospital, Khartoum, Sudan (2001). Surgical wound infection 
found in seven patients (7%), 57% of these patients were males, and 43% 
were females, most of the patients with surgical wound infection were 
elderly. Surgical wound infection was more frequent in diabetic septic foot 
operation, 71% of these patients had dirty wounds and 29% had clean 
contaminated wound (Ghandour, 2001).  
Internationally the frequency of surgical wound infection is 
difficult to monitor because criteria for diagnosis might not be 
standardized. A survey sponsored by the World Health Organization 
demonstrated a prevalence of nosocomial infection varying from 3-21% 
  
 
with wound infections accounting for 3-34% of the total (Hemants et al., 
2002).  
1.5 Causative agents of postoperative wound infection:  
Bacteriological studies revealed that both Gram positive and gram-
negative organisms played an important role in postoperative wound 
infection. In a study included 676 surgery patients with sign and symptoms 
indicative of wound infection bacterial pathogens were isolated from 614 
individuals. A single etiologic agent was identified in 271 patients, multiple 
agents were found in 343 and no a gent was identified in 62 patients. A 
higher preponderance of aerobic bacteria was observed among the common 
pathogen were Staphylococcus aureus (191 patients; 28%), Pseudomonas 
areuginosa (170 patients; 25.2%) Escherichia coli (53 patients; 7.8%), 
Staphylococcus epidermidis (48 patients; 7.1%) and Enterococcus faecalis 
(38 patients; 5.6%)  (Giacometti et al., 2000).  
Escherichia coli, S. aureus, Klebsiella pneumonia, Pseudomonas 
areuginosa, Proteus vulgaris and Streptococcus pyogenes are among the 
pathogenic organisms associated with infected wound. Gram-negative 
bacilli were predominant and E. coli were commonest (Saha et al., 1995). 
Of one hundred and three organisms isolated from surgical site 
infection, the most common organism was Staphylococcus aureus 
(51.24%), followed by Pseudomonas aeruginosa (16.3%), Escherichia coli  
(14.37%), Klebsiella pneumoniae (11.76%), Miscellaneous gram negative 
  
 
rod (5.88%), Streptococcus pyogenes (1.30%) (Mahmood, 2000). 
In a study of abdominal surgical wound infection in Ethiopia, 
Staphylococcus species and Escherichia coli were the leading etiologic 
agents with rates of 28.8% and 27% respectively followed by Proteus spp 
(10.2%), Klebsiella spp (8.5%), citrobactor spp (8.5%), Enterobacter spp 
(5.1%),  other gram negative (5.1%) and others (6.7%) (Kotisso and 
Aseffa, 1998).  
1.6 Common bacteria isolated from postoperative wound infection:  
1.6.1 Staphylococcus spp: 
Gram positive cocci in clusters non-motile, non sporforming, aerobic 
and facultative anaerobic, usually oxidase negative, catalase positive 
hydrolysis arginin, produce action attack sugar by fermentation (Barrow 
and Feltham, 1993).  
The main species of medical important is Staphylococcus aureus, 
several other species may also cause disease including Staphylococcus 
epidermidis and Staphylococcus saprophyticus (Cheesbrough, 1987). 
1.61.1 Normal habitat:  
Staphylococci are widely distributed in the environment, they form 
part of the normal microbial flora of skin, upper respiratory tract and 
intestinal tract.  
Staphylococcus aureus is carried in the nose of 40% or more of 
healthy people (Cheesbrough, 1987). Staphylococcus is the main causative 
  
 
agent of postoperative wound infection (30-50%) of all wound infection 
(Briody, 1974).  
 
1.6.2  S. aureus:  
This species causes abscess, boils, styes and impetigo. It may 
cause secondary infection of insect bites, ulcer, burn, wound conjunctivitis, 
cross infection of hospital, and inflammation of the breast (Cheesbrough, 
1987) 
1.6.2.1 Pathogenicity: 
Pathogenicity of Staphylococcus aureus and its ability to induce 
postoperative wound infection is due it’s enzymes and toxins which 
include:  
• Coagulase, an enzyme that clots plasma and coat staphylococcal cell 
that probably prevent the bacteria from being phagocytosed and 
destroyed by macrophages.  
• Leucocidin, that kills white cells.  
• Lytic toxins (exotoxine) that destroy red cells and platelets.  
• Deoxyribonuclase (DNAse) that destroy deoxyribonucleic acid 
(DNA). 
• Hyaluronidase, that helps Staphylococcus to spread in the tissues.  
• Lipase that break down fat.  
  
 
• Staphylokinase that cause fibrinolysis.  
• Exfoliative toxin that causes peeling of the skin (Scalded skin 
syndrome). 
 Beta lactamases (antibiotic inactivating enzymes) that lead to penicillin 
resistance (Cheesbrough, 1987). 
1.6.2.2 Cultural characteristic:   
S. aureus on blood agar and chocolate agar produces yellow to 
cream or occasionally white 1 -2 mm in diameter colonies. Some strains are 
beta-hemolytic when grown aerobically. On MacConkey agar a smaller 
(0.1-0.5 mm) colonies are produced after overnight incubation at 35 -37°C. 
Most strain is non- lactose fermenting (Cheesbrough,2000). 
1.6.3  S. epidermidis:  
The incidence of S. epidermidis infection is low, it usually linked 
to special circumstances, for example bacteremia following infection of 
cannulae, in dwellings or catheters. Infections are harder to treat because of 
presence in the host of foreign matter (Cheesbrough, 1987). 
1.6.3.1 Cultural characteristic:   
The colonies of S. epidermidis are white, a feature that could not 
be used as a reliable means of differentiation of S. aureus from                   
S. epidermidis because S. aureus is frequently non-pigmented after 




1.6.4   S. saprophyticus:  
This species mainly associated with cystitis pyelonephritis, and 
acute urethritis in women. The colonies of S. saprophyticus may be white 
or yellow and are non hemolytic (Cheebrough, 1987). 
1.6.5  Pseudomonas aeruginosa:  
Gram negative rod strict aerobes, catalase positive, oxidase 
positive, produce acid from many sugars in ammonium salt medium, and 
motile (Barrow and Feltham, 1993).  
1.6.5.1 Normal habitat:  
Ps. aeruginosa can be found in water, soil, sewage and vegetation. 
They can also be found in the intestinal tract of man and animal. Ps. 
aeruginosa is frequently found in hospital environment especially in moist 
place (Cheesbrough, 1987). 
1.6.5.2 Pathogenicity:  
This species causes:  
• Skin infection specially burns site, wounds and ulcers, often as 
secondary invader.  
• Urinary infection, usually following catheterization or associated 
with chronic urinary infection (Cheesbrough, 1987).   
1.6.5.3 Culture characteristic:  
P. aeruginosa is an obligatory aerobe usually recognized by it’s 
yellow-green pyocyanin pigment. About 4% of strains however, don't 
  
 
produce pyocyanin. Cultures have distinctive smell due to 2-
aminoacetophenone productions. P. aeruginosa usually produces large, flat 
hemolytic colonies on blood agar. The organism also grows well on 
nutrient MacConky agar and when grown on Kligler iron agar it produces a 
characteristic pink-red slope and butts (Cheesbrough, 1987). 
 
1.6.6 Escherichia coli:  
Gram negative rods, often motile, aerobic and facultative 
anaerobic, catalase positive, oxidase negative, attack sugars fermentively, 
gas normally produced and usually citrate negative (Simmon's medium) 
(Barrow and Feltham, 1993). Most of E. coli strains produce indol from 
peptone water and reduced nitrate to nitrite (Cheesbourgh, 1987).   
1.6.6.1  Normal habitat:  
E. coli is part of normal microbial flora of the intestinal tract of 
human and animals. It is also found in water, soil and vegetation 
(Cheesbrough, 2000).  
1.6.6.2 Pathogenicity:  The organism causes: 
• Wound infection, appendicitis, peritonitis, and infection of gall bladder.  
• Urinary infection including cystitis, pyelitis and pyelonephritis.  
• Bacteraemia and meningitis especially in newborn.  
• Diarrhoeal diseases specially in infants, but also in adult 
1.6.6.3 Culture characteristics:  
  
 
E. coli is an aerobe and facultative anaerobe. Colonies on blood 
agar after overnight incubation at 35 – 37°C is 1 – 4 mm in diameter, may 
appear mucoid and some strains are hemolytic. On MacConkey agar most 
E. coli strains produce lactose fermenting colonies (Cheesbrough, 1987).  
1.6.7 Klebsiella spp:  
Klebsiella spp are Gram negative rod, non motile, aerobic and 
facultatively anaerobic, catalase positive, oxidase negative attack sugar 
fermentatively, usually with production of gas, VP and urease positive 
(Barrow and Felthman, 1993).  
The main species of medical importance is Klebsiella 
pneumoniae. Four sub species of  Klebsiella pneumoniae are recognized 
K. pneumoniae subsp pneumoniae, K. pneumoniae subsp areogenes,          
K. pneumoniae subsp ozaenae, K. pneumoniae subsp rhinoscleromatis 
(Cheesbrough, 2000) . 
1.6.7.1 Normal habitat: 
Kelbsiella strains could be found in the intestinal tract of human 
and animal and also in plant, soil and water .K pneumoniae can be found as 
commensal in the mouth and upper respiratory tract, and also in moist 
environment in hospitals (Cheesbrough, 1987). 
1.6.7.2 Pathogenicity:  K. pneumoniae was incriminated in urinary tract 
infections, particularly those that are hospital acquired, wound infection, 
meningitis, chest infection and septicemia (Cheesbrough, 1987). 
  
 
  1.6.7.3 Culture characteristics: Klebsiella produced large, usually 
mucoid colonies when culture in blood agar and in MacConkey. Most 
Klebsiella strains were lactose fermenting (Cheesbrough, 1987). 
1.6.8 Proteus spp:  
The species comprises Gram negative rods which are motile, 
aerobic and facultative anaerobic. They are catalase positive, oxidase 
negative, attack sugar fermentatively, usually with gas production, and 
hydrolyze urea and gelatins (Barrow and Fletham, 1993). The main species 
of medical importance is Proteus mirabilis, occasionally infection is also 
caused by P. vuglaris (Cheesbrough, 1987). 
1.6.8.1 Normal habitat:  
Proteus species are found in the intestines of human and animals, 
in soil, sewage and water (Cheesbrough,1987).  
1.6.8.2 Pasthogenicity:  
Proteus mirabilis, is associated with Abdominal and wound 
infections, usually as secondary invader of ulcers. The organism was also 
isolated from Urinary tract infections, especially flowing catheterization or 
cystoscopy, infection are also associated with presence of stones 
(Cheesbrough, 1987). 
 Proteus vulgaris, is occasionally isolated from urine, pus, and 
other specimen. Proteus mirabilis infection usually responds better to 




1.6.8.3 Culture characteristics:  
When cultured aerobically, most Proteus strains produce 
characteristic swarming growth over the surface of blood agar and several 
other culture media. Swarming however, is inhibited on media containing 
bile salts such as MacConkey agar, DCA, XLD agar. On these media, 
individual non lactose fermenting colonies are produced after overnight 
incubation at 35°C - 37°C. Proteus cultures have distinctive smell 
(Cheesbrough, 1987). 
1.6.9 Enterococcus faecalis:  
This is Gram positive cocci impairs or short chains. The organism 
is non motile, non-sporing, aerobic and facultatively anaerobic, catalase 
and oxidase negative, and they attack carbohydrates fermentatively 
(Barrow and Feltham, 1993).  
1.6.9.1 Normal habitat:  
Enterococcus faecalis form a part of normal flora of intestinal tract of 
human and animals (Cheesbrough,1987). 
1.6.9.2 Pasthogenicity:  
The organism was isolated from urinary tract infections, often in 
association with Escherichia coli. And also associated with infection of 
ulcer and wound (especially abdominal) (Cheesbrough,1987).  
1.6.9.3 Culture characteristics:  
  
 
On blood agar, Enterococci colonies may be non hemolytic or beta 
hemolytic or alpha hemolytic. On MacConkey agar, Enterococci produce 
distinctive small dark red colonies (Cheesbourgh, 2000). Growth in 6.5% 
salt broth, survival after heating at 60°C for 30 minutes and growth both in 
10°C and 45°C are all satisfactory characterization test for differentiation 




1.7 Risk factors of postoperative wound infections:  
The risk of developing infection in a surgical wound is a function 
of many different factors. The main factors are the bacterial contamination, 
systemic host resistance and local wound environment (Lawal et al., 1990). 
The bacterial contamination especially at the time of operation is 
necessary for development of post-operative wound sepsis while the host's 
resistance severed as modulator (Lawal et al., 1990).  
During four year period, (Garibaldi et al., 1991), collected 
prospective epidemiological data in order to identify the critical risk factors 
for postoperative wound infection. These were the surgical wound class, 
duration of surgery and result of intra-operative cultures. 
In another study risk factors which lead to significant increase in 
the incidence of postoperative infection were found to be altered 
  
 
sensorium, multiple operations, pre-existing infection, emergency surgery, 
duration of surgery (more than 4 hours) urinary tract catheterization, 
cerebrospinal fluid leakage and ventilatory support (Patir et al., 1992).  
In a prospective study patients were asked for risk factor at time of 
hospitalization, it was found that 7.7% of all patients had an intake of 
alcohol of more than 60 g/dl and 15.6% of the patients smoked more than 
20 cigarettes a day. The risk factor to get a postoperative infection for 
patients with intake of more than 60 g alcohol a day found to be four times 
than the control. The rate of infection for smokers of more than 20 
cigarettes a day is two times than for non smokers or person who smokes 
less than 20 cigarettes a day (Stopinki et al., 1993).  
Decreased host resistance can be due to systemic factors affecting 
the patient healing response, local wound characteristics, or operative 
characteristics.  
Systemic factors include age, malnutrition, hypovolemia, poor 
tissue perfusion, obesity, diabetes, steroids and other immuno-suppressants. 
Local wound characteristics include nonviable tissue in wound, hematoma, 
foreign material including drains and suture, dead space, poor skin 
preparation, including preexistent sepsis. 
Operative characteristics include poor surgical techniques, lengthy 
operation (>2 hours), intraoperative contamination including infected 
theater staff and instrument, inadequate theater ventilation and preoperative 
  
 
stay in the hospital and hypothermia (Hemant et al., 2002).    
1.8 Prevention of postoperative wound infection:  
Preventing infectious complications is far more practical than 
treating them once they have become established. Fortunately, strict 
adherence to the principles of wound care and application of knowledge 
concerning the pathogenesis of wound infections can prevent the vast 
majority of infectious complications in surgical practice. One of the most 
important factors in preventing wound infection is the constant vigilance of 
operating team, including the surgeon (Sapiston et al., 1997). 
1.8.1 Avoidance of bacterial contamination:  
1.8.1.1 Environmental factors:  
Engineering and architectural advances have helped limit air borne 
contamination in modern operating rooms to very low levels, but these 
have not been followed by substantial reduction in wound infection rates, 
because the two greatest sources of significant microbial contamination of 
operative wound are exogenous contact from breaks in sterile technique by 
the operating team and endogenous contamination from the patients skin. 
The use of ultraviolet light for decontamination of operating room and 
laminar flow ventilation system may be helpful in certain situations, such 
as insertion of prostheses for orthopedic reconstruction. Perhaps as 
important are limiting traffic in and out of the operating room, providing 
positive pressure in the operating room, and limiting activity and talking 
  
 
within the operating, increased number of people in the operating room, is 
associated with increased opportunity for breaks in sterile technique and 
increased dispersion of airborne bacteria, In addition to air handling, 
sterilization techniques must be strictly monitored (Sapiston et al., 1997). 
1.8.1.2 Preoperative preparation of the patient:   
         Many patients who are in the hospital for prolonged periods of time 
or who have substantial illness have increased numbers of resident 
organisms on the skin, especially in the groin and intertriginous areas, these 
and perhaps all patients, whenever, possible able should take preoperative 
shower the night before operation using an antibacterial soap such as 
chlorhexidine or povidon iodine (Sapiston et al., 1997). 
1.8.1.2.1 Hair removal:  
           When the operative area is shaved the night before the operation the 
injury of shaving itself promotes bacterial growth, this practice increases 
infection rate about 100% compared with removing the hair by clippers at 
the time of operation or not removing it at all (Sapiston et al., 1997). 
1.8.1.2.2 Skin preparation: 
         The skin is an important source of organisms contaminating surgical 
wound. Two methods can be recommended to prevent skin organisms from 
entering the wound. First, the time-honored technique is to scrub the entire 
operative area of patient for 5 to 7 minutes with germicidal detergent 
solution and then to paint the region with antimicrobial solution of either 
  
 
tincture of iodine, povidon or chlorhexidine. An alternative way to isolate 
skin from the wound is to use an antimicrobial incise drape applied to the 
entire operative area, with the incision made through plastic. Before the 
incise drape applied the skin should be scrubbed for one minute with 70% 
alcohol to kill surface bacteria (Sapiston et al., 1997). 
1.8.2  The operating room team and discipline:  
Contamination occurs easily from the operating room team and 
this is constitutes the most important sources of organisms causing 
infection in clean cases. 
The operating team should wear clean scrub suit, caps that do not 
shed lint and completely cover the hair and masks that effectively filter the 
exhaled air. Before each operation, the hands and forearms should be 
cleaned and scrubbed thoroughly with antimicrobial soap, careful gowning 
and gloving technique should be used (Sapiston et al., 1997). 
1.8.3  Endogenous contamination:  
Another very important but not always heeded source of bacterial 
contamination of surgical wound is endogenous contamination at the time 
of transection of the gastrointestinal, respiratory or genitourinary tract. 
Bacterial contamination occurs to varying degree any time a hollow 
viscous is transected but exceptional effort to minimize the amount of 
contamination can keep the occurrence of bacterial infection low. These 
efforts encompass the following: 
  
 
• Before a hollow viscous is entered the operative area should be 
carefully isolated from the remainder of operative field. 
• A completely different set of instrument should be used for that portion 
of the operation until the hollow viscose is closed.  
• At closure of the hollow viscous, all instrument towels, and sponges that 
may have come into contact with the contaminated area must be 
removed from operative field (Sapiston et al., 1997). 
 
1.8.4 The importance of surgical techniques: 
As previously emphasized infection in wound associated with 
injury or planned operation increase morbidity and mortality. Gentle care 
of tissues to minimize local damage is one of the most important ways to 
prevent wound infection. All devitalized tissues and foreign bodies should 
be removed from traumatic wound. When complete debridement is not 
possible, the wound should not be closed because foreign bodies let in 
wound decrease the minimal infected dose of bacterial inoculum 10.000 
fold or more. The presence of hematomas, seromas or dead spaces favors 
bacterial localization and growth prevent the delivery of phagocytic cells to 
such foci (Sapiston et al., 1997).    
1.9 Chemotherapy of postoperative wound infection:  
Antibiotics are appropriate in management of patients with 
contaminated wounds, where their use is therapeutic rather than 
  
 
prophylactic (Clark and Malnan, 1981). The choice of antibiotic should be 
made according to data on pharmacology, microbiology, clinical 
experience and economy (Hell, 1989).  
Drugs should be selected with a reasonable spectrum of activity 
against organism likely to be encountered and antibiotic chosen with 
kinetic that will ensure adequate serum and tissue level throughout the 
operative procedure. Persistent anti-microbial activity throughout the entire 
operation is essential (Polk et al., 1986; Shapiro, et al., 1982).  
The goal of antimicrobial prophylaxis is to achieve sufficient 
antibiotic concentration prior to possible contamination in the relevant 
tissues and ensure adequate level throughout the operative procedure to 
prevent subsequent bacterial growth. The dose that is effective 
prophylactically may differ from that required to treat infection. 
Concentration below MIC may also have a beneficial effect (Bergamini 
and Polk, 1989).  
Most uncomplicated surgical wounds heal normally without need 
for prophylactic antimicrobial treatment, although the involvement of 
foreign material such as sutures, dirt graft, or prosthetic devices may 
increase the risk of infection in clean wound (Bowler et al., 2001). 
However, in surgical wounds that are potentially contaminated with 
endogenous aerobic and anaerobic bacteria derived from disruption of 
mucosal surfaces (e.g. by gastrointestinal and gynecological surgery) or in 
  
 
severe traumatic wound that are heavily contaminated with exogenous 
microorganism, antibiotic prophylaxis is effective in reducing infection and 
is recommended as a routine procedure (Bowler et al., 2001). 
It is recommended that prophylaxis be restricted to a single dose of 
the antibiotics at the beginning of the operation (usually given at the 
induction of anesthesia) with a maximum of one further dose in surgery 
that prolonged over 3-4 hours (Bowler et al., 2001). Poor success rate have 
been demonstrated with the use of metronidazole or clidamycin alone, 
targeting only the anaerobic components in the treatment of serious 
abdominal infection (Bowler et al., 2001).  
Combination therapy with an amino glycoside (e.g. gentamicin) or 
cephalosporin (e.g. cefuroxime or cefrotaxime) plus clindamycine or 
metronidazole has proved to be very affective. The cephamycin agent 
cefoxitim has been widely used as a single agent for prophylaxis in the 
United State and for treatment of established infections. 
The subsequent development of the new classes of antibiotic such 
as ureidopenicillin, the carbapenems and beta-lactamase inhibitor 
combination has expanded.  
The choice for both prophylactic and therapeutic treatment, 
particularly in contaminated surgery where excessive population of gram-
negative bacteria are likely to be present, careful selection of antibiotics is 
required since some are known to influence endotoxin liberation and hence 
  
 
septic shock (Bowler et al., 2001). 
Antibiotic that target the bacterial cell wall liberate larger amounts 
of endotoxin than do other classes of antibiotic, such as those that inhibit 
protein synthesis (Bowler et al., 2001). Conversely polymyxin B and 
glycopeptide teicoplanin have the ability to neutralize endotoxin. 
Vancomycin has been shown to down-regulate lipopolysaccharide induced 
tumor necrosis factor alpha production from monocyte and thus beneficial 
in the treatment of sepsis (Bowler et al., 2001).  
Since S. aureus is considered to be most problematic pathogen 
associated with surgical infection, cephalosporins, macrolides, 
clindamycin, and semisynthetic pencillins such as flucoxacillin and 
oxacillin are often treatments of choice, if methicillin resistant strains are 
involved, the glycopeptide antibiotics vancomycin and teicoplanin are 
alternatives (Bowler et al., 2001). 
Effectiveness of cefazolin or cefotaxim as antibiotic therapy was 
compared with that of ceftriaxone by the French Surgical Research 
Association. It was reported that one dose of ceftriaxon was as effective as 
three dose of cefazolin or cefotaxime in preventing wound infections and 
postoperative intra-abdominal abscesses, but it was not effective in 
prevention of extra-abdominal infection complicating surgery (Rotman             
et al., 1991).  
The rate of post operative wound infection associated with 
  
 
antibiotics of short half-life administered without repeated intraoperative 
dosing increased steeply from 6% in operation last in less than two hours to 
19% in operation 2-4 hours and to 27% in operation lasting more than 4 






















MATERIALS AND MEHODS 
2.1 Materials:  
2.1.1 Media:  
For the identification of isolated pathogens, different types of media 
were used, including solid, semisolid and liquid media. All media were 
prepared according to methods described by the manufacturer. 
2.1.1.1 Solid Media:  
2.1.1.1.1 Nutrient Agar: (Biomark lab) 
The medium was prepared by dissolving 28 grams of powder in 1 
liter of distilled water by boiling. The medium was sterilized by 
autoclaving (121°C for 15 minutes), cooled to 55°C and then distributed 
into sterile Petri dishes 20 ml in each.  
2.1.1.1.2 Blood agar:  
Hundred ml of fresh, sterile, defibrinated blood were added 
aseptically to 900 ml of melted sterile nutrient agar which was cooled to 
55°C, mixed and distributed into sterile Petri dishes 20 ml in each dish.  
2.1.1.1.3 MacConkey Agar: (Hi media lab) 
             Fifty two grams of the medium were dissolved in 1 liter of distilled 
water by boiling. The pH was adjusted to 7.4, after which the medium was 
sterilized by autoclaving at 121°C for 15 minutes, cooled to 55°C and 
distributed into sterile Petri dishes 20 ml in each. 
  
 
2.1.1.1.4 Diagnostic Sensitivity Test Agar (D.S.T): (Oxoid)  
 Forty grams of medium were dissolved completely by boiling in 1 
liter of distilled water and the pH was adjusted to 7.3. It was sterilized by 
autoclaving (121°C for 15 minutes), cooled and distributed into sterile Petri 
dishes 20 ml in each dish.  
2.1.1.1.5 Urea Agar: (Oxoid)  
The medium was prepared by dissolving 2.4 grams of the powder in 
95 ml distilled water by boiling. After sterilization by autoclaving at 115°C 
for 20 minutes the base medium was cooled to 50°C and aseptically 5 ml of 
sterile 40% urea solution were added. The pH was adjusted to 6.8 and 
distributed into screw-capped bottles 10 ml each and then was allowed to 
set in the slope position.  
2.1.1.1.6 Simmon’s Citrate Agar: (Oxoid) 
Twenty-three grams of powder were dissolved in 1000 ml distilled 
water by boiling. The pH was adjusted to 7.0, and then the medium was 
sterilized by autoclaving at 121°C for 15 minutes and distributed into 
sterile screw-caped bottles and to solidify in a slope position.  
2.1.1.1.7 Aesculine-bile Agar: (Oxoid) 
The medium was prepared according to Barrow and Feltham (1993) 
by dissolving all the ingredients except aesculin by heating. Allow to cool 
  
 
and then add the aesculin. Dispense in screw-capped bottle, sterilize at 
115°C for 20 minutes.     
2.1.1.1.8 Kligler Iron Agar (KIA) (Hi Media lab) 
Fifty-five grams of the powder were dissolved in 1000 ml distilled 
water by boiling. It was cooled to 50-55°C, distributed into tubes (approx. 
16-160 mm) and sterilized by autoclaving at 121°C for 15 minutes. Then it 
was allowed to solidify in a sloped position 
2.1.1.1.9 Ammonium Salt Sugars (ASS): (Hi Media lab) 
This medium consisted of ammonium phosphate, potassium 
chloride, magnesium sulphate, yeast extract, agar and bromcresol purple. It 
was prepared according to Barrow and Feltham (1993) by adding the solids 
to 1000 ml distilled water, dissolved completely by boiling and sterilized at 
115°C for 20 minutes. The medium was allowed to cool to about 55°C and 
the appropriate sugar was added as a sterile solution to give final 
concentration 1%, the medium mixed and distributed aseptically into sterile 
tubes.    
2.1.1.2 Semi-Solid Media:  
2.1.1.2.1 Hugh and Leifson’s (O.F) Medium: (Oxoid and BDH) 
The medium was prepared by dissolving 10.3 grams of solids in 1 
liter of distilled water by heating, and the pH was adjusted to 7.1. Filtered 
bromothymol blue 0.2% aqueous solution was added and then sterilized at 
  
 
115°C for 20 minutes. Sterile solution of glucose was added aseptically to 
give final concentration 1%, mixed and distributed aseptically into sterile 
tubes.  
2.1.1.2.2 Motility medium: (Oxiod) 
Thirteen grams of dehydrated nutrient broth were added to 4 grams 
of agar and dissolved in 1 liter of distilled water by boiling to give semi-
solid agar and the pH was adjusted to 7.4, distributed in 5 ml amounts in 
tests tubes containing Craige-tubes and sterilized by autoclaving at 121°C 
for 15 minutes.  
2.1.1.2.3 Nutrient Gelatin: (Oxoid and BDH) 
This medium was prepared by dissolving 128 grams of solids        
in 1000 ml distilled water by boiling. The PH was adjusted to 6.8 and 
distributed into screw-capped bottles, sterilized by autoclaving at 121°C for 
15 minutes.  
2.1.1.3 Liquid Media: All liquid media were prepared according Barrow 
and Feltham (1993). 
2.1.1.3.1 Nutrient Broth: (Hi Media lab) 
This medium was prepared by dissolving 13 g of the medium in 1 
liter of distilled water. The pH was adjusted to 7.4 distributed into screw-
capped bottles 5 ml each and sterilized at 121°C for 25 minutes.  
2.1.1.3.2 Peptone Water: (Hi Media lab) 
  
 
This medium was prepared by dissolving 15 g of peptone water 
powder in 1 liter of distilled water. The pH was adjusted to 7.2, distributed 
into screw-capped bottles and sterilized by autoclaving at 121°C for 15          
minutes.  
2.1.1.3.3 Glucose Phosphate Broth (M.R-V.P Medium):  
Five grams of peptone and 5g of potassium phosphate were 
dissolved in 1 liter of distilled water by steaming. The pH was adjusted to 
7.5 after that 5g of glucose were added and mixed .The medium was 
distributed into test tubes 5 ml in each and sterilized by autoclaving at 
110°C for 10 minutes. 
2.1.1.3.4 Peptone Water Sugars:   
Nine hundred ml of peptone water was prepared and pH was 
adjusted to 7.1- 7.3 before 10 ml of Andrade’s indicator was added. Ten 
gram of the appropriate sugar was added to the mixture, distributed into 
tubes 5 ml in each one. They were sterilized by autoclaving at 110°C for 10 
minutes.  
2.1.1.3.5 Nitrate Broth:  
          One gram of nitrate was dissolved in 1 liter of nutrient broth, then 
distributed into tubes and sterilized by autoclaving at 115°C for 15 minutes. 
2.1.2 Biological Materials:  
2.1.2.1 Sheep blood:  
  
 
Defibrinated sheep blood was used for the preparation of blood agar.  
 
2.1.2.2 Human plasma:  
This was used for the detection of coagulase production by 
Staphylococci.  
2.1.3 Reagents:  
Reagents used in this study were obtained from British Drug House 
Chemical (BDH), METLAB, and HOPKIN & WILLIAMS Ltd. These 
were prepared according to Barrow and Feltham (1993). 
2.1.3.1 Hydrogen Peroxide:  
Hydrogen peroxide was prepared as 3%aqueous solution and used 
for catalase test. 
2.1.3.2 Kovac’s Reagent:  
  This reagent composed of paradimethylaminobenzaldehyde, 
amylalcohol and concentrated hydrochloric acid. After preparation the 
reagent was stored in the refrigerator at 4°C. 
2.1.3.3 Potassium Hydroxide:  
Potassium hydroxide was prepared as 40% solution and used for 
Voges – Proskaur (V.P) test.  
2.1.3.4 Alpha naphthol Solution:  
It was prepared as 1% aqueous solution and also used for V.P test. 
2.1.3.5 Oxidase Reagent:   
  
 
Tetramethyl p-phenylene Diamine Dihydrochloride was prepared as 
1% aqueous solution and used for oxidase test.  
2.1.3.6 Methyl Red solution:  
It was prepared by dissolving 0.04 g of methyl red powder in 40 ml 
ethanol and the volume was completed to 100 ml by distilled water. It was 
used for methyl red test.  
2.1.3.7 Andrade’s Indicator:  
This was prepared by dissolving 5 g of acid fuchsin in 1 liter of 
distilled water, and then 150 ml of alkali solution (NaOH) was added. It 
was used in peptone sugar medium. 
2.1.3.8 Bromothymol Blue Solution:  
This was prepared as 0.2% w/v by dissolving 0.2 g of bromothymol 
blue powder in 100 ml distilled water. It was used for oxidation 
fermentation (O.F) test.  
2.1.3.9 Bromcresol purple Solution:  
Bromcresol purple solution was prepared as 0.9% solution; it was 
used in ammonium salt sugars (ASS).  
2.1.3.10 Physiological Saline:  
This was prepared by dissolving 8.5 g of sodium chloride in 1000 
distilled water. 
2.1.3.11 Nitrate Test Reagent:  
This reagent composed of two types of solution:  
  
 
•  Solution A: Sulphanilic acid 0.33% in 5N- Acetic acid dissolved by 
gentle heat. 
•  Solution B: Dimeyhyl – α naphthylamine 0.6% in 5N- acetic acid. 
The complete reagent was used to detect nitrate reduction.  
2.1.3.12 Antibiotics: (Appendix 2) 
2.2 Methods:  
2.2.1 Sterilization:  
2.2.1.1 Autoclaving:  
Screw-capped bottles, rubber caps, media solution, normal saline.. 
etc. were sterilized in autoclave at 121°C for 15 minutes and 110°C for 10 
minutes in case of sugars media.  
2.2.1.2 Hot-air Oven:  
Glassware such as Petri dishes, tubes, flasks and glass rods were 
sterilized in hot air oven at 160°C for one hour.  
2.2.1.3 Disinfection:  
Solution of 70% alcohol and phenolic disinfectant were used for 
bench sterilization.  
2.2.2 Collection of Samples:  
In this study an infected postoperative wound was defined as a 
wound in which a purulent discharge occurred during a 7-day observation 
period after operation.  
  
 
Sampling was done by collecting 50 samples of pus on sterile 
commercial swabs from the different categories of surgical wound. 
Samples were carefully collected avoiding contamination with normal 
flora.  
The samples were labeled and transport on ice in thermo flask to 
Microbiology Lab as soon as possible for bacterial examination.  
The collection was done between December 2004 and April 2005 
from Khartoum and Omdurman Teaching Hospitals.  
2.2.3 Cultural methods:  
2.2.3.1 Primary Isolation:  
The collected swabs were directly cultured on blood agar and 
MacConkey agar. The MacConkey agar plates were incubated aerobically 
while the blood agar plates were incubated in carbon dioxide atmosphere 
(approximately 5%). All plates were incubated at 37°C for 24 hours.  
2.2.3.2 Examination of Cultures:  
Visual examination of all cultures on solid media was performed for 
detection of growth, pigmentation, colonial morphology as well as change 
in the media. Plates with visible growth were subjected to further 
bacteriological tests while those which did not show visible growth were 
incubated for further 48 hours. 
2.2.3.3 Purification:  
  
 
The primary isolates were subcultured on nutrient agar and blood 
agar. The subculture was repeated several times until pure colonies were 
obtained. 
2.2.4 Identification of Isolated Pathogens:              
          Identification was carried out according to the procedure described 
by Barrow and Feltham (1993) 
2.2.4.1 Primary Identification:  
2.2.4.1.1. Preparation of Smears:  
Smears were prepared by emulsifying small inoculums of the 
bacterial culture in a drop of sterile normal saline and spreading them on 
clean slide. The smears were allowed to dry and then fixed by gentle 
heating.  
2.2.4.1.2 Gram’s Technique:  
This was done as described by Barrow and Feltham (1993).  
2.2.4.1.3 Microscopic Examination of Isolates:  
All isolated microorganisms were subjected to microscopic 
examination and the shape, arrangement and Gram’s reaction were 
detected.     
 
2.2.4.1.4 Catalase Test:  
This test is used to differentiate those bacteria that produce the 
enzyme catalase, (Cheesbrough, 1987). A drop of 3% hydrogen peroxide 
  
 
was placed on a clean slide, one to two colonies of tested organism was 
placed on the drop the solution using a wood stick. Production of air 
bubbles indicated appositive result.  
2.2.4.1.5 Oxidase Test:  
The tested organism was picked using sterile bent glass rod and 
rubbed on a filter paper, saturated with oxidase reagent. The development 
of dark purple color within 10 seconds indicated appositive result.  
2.2.4.1.6 Motility test:   
The Craigie tube method was used to detect motility. The growth of 
the microorganism outside the Craigie tube indicated motility. 
2.2.4.1.7 Oxidation – Fermentation Test (O.F):  
Two tubes of Hugh and Leifson’s medium were inoculated with 
tested organism. One of them was covered with a layer of sterile paraffin. 
All tubes were incubated at 37°C and examined daily for seven days. 
Fermentative organisms produced a yellow color on both tubes while 
oxidative organisms produced a yellow color only on the open tube.  
2.2.4.1.8 Sugar Fermentation Test:  
The sugar media was inoculated with 24 hours culture of tested 
organism. It was incubated at 37°C and examined daily for up to seven 
dyes. Acid production was indicated by the development of pink color in 
the medium and gas production was indicated by trapped air in the 






2.2.4.2. Secondary identification: 
2.2.4.2.1 Indole Test:  
The tested microorganism was inoculated in peptone water and 
incubated for 48 hours. Two to three drops of Kovac’s reagent was added  
to culture and shacked well. Production of pink color on the upper layer of 
the reagent was considered indole positive.  
2.2.4.2.2 Methyl Red Test (M.R):  
Glucose phosphate broth was inoculated with the organism and 
incubated at 37°C for 48 hours. Then 3 -5 drops of methyl red solution 
were added and mixed gently. Development of ared color in the medium 
indicated a positive result.  
2.2.4.2.3 Voges-Proskauer Test (V.P):  
This test was carried out to detect the production of acetylmethyl 
carbinol. Glucose phosphate broth was inoculated with tested organism and 
incubated for 48 hours. Then 0.6 ml of alpha-naphthol solution followed by 
0.2 ml of 40% potassium hydroxide solution were added to 1 ml of culture, 
mixed well and examined after 15 minutes and one hour for development 
of bright red color indicated positive result.  
2.2.4.2.4 Citrate Utilization Test:  
  
 
Simmon’s citrate medium was inoculated with the tested organism, 
incubated at 37°C and examined daily for up to seven days. The 
development of blue color in the medium considered as positive result.  
2.2.4.2.5 Urease Test:   
The tested microorganisms were inoculated on a slope of urea agar 
medium, incubated at 37°C and examined for up to 5 days. The change of 
color of the medium to red or pink color indicated appositive result.  
2.2.4.2.6 Hydrogen Sulphide Production:  
The tested organism was inoculated on a slope of Kiligler Iron Agar 
(KIA) by stabbing the butt and streaking the slope, incubated at 37°C and 
examined for blacking for up to 7 days. Blackening of the butt was 
considered appositive reaction.  
2.2.4.2.7 Gelatin hydrolysis Test (or Liquefaction):   
Nutrient gelatin medium was inoculated with tested 
microorganism and incubated at 37°C for seven days. The culture was 
examined daily by incubation in the refrigerator for 30 minutes. The culture 
that became liquid after the incubation in the refrigerator was considered as 
positive result.  
2.2.4.2.8 Nitrate Reduction Test:  
The tested microorganism was grown in nitrate broth and incubated 
at 37°C for 5 days. One ml of nitrate reagent A was added followed by 1 ml 
  
 
of reagent B. Development of a deep red color produced was considered 
appositive reaction. To tubes that did not show red color, Zinc powder was 
added and allowed to stand. Formation of red color indicated that nitrate 
was present and the tested organism did not reduce it.  
2.2.4.2.9. Coagulase Test:  
This test is used to differentiate between Staphylococcus aureus 
which produces the enzyme and S. epidemidis which does not produce 
coagulase. Co-agulase is an enzyme produced by certain bacteria and it 
causes plasma to clot by converting soluble fibrinogen to insoluble fibrin 
(Cheesbrough, 1987).     
Slide Coagulase Test was used in this study to detect bound 
coagulase. A drop of physiological saline was placed on each end of a 
clean slide and small amount of bacterial culture (distinct colonies) was 
emulsified in each of the drop to make two thick suspensions. A drop of 
undiluted human plasma was added to one of the suspension and mixed 
gently. The development of Clumping within 10 second was reported as 
positive reaction.  
2.2.4.2.10 Sensitivity to Novobiocin:  
The disc diffusion method was used to carry out the sensitivity of 
tested microorganism to novobiocin (oxoid 15µg). A plate of diagnostic 
sensitivity test (DST) was dried for 20 minutes. Suspension of tested 
organism was made using sterile normal saline and compared it with the 
  
 
turbidity standard (Barium sulphate McFarland 0.5), when they were 
comparable the tested organism was cultured using sterile swab, the plate 
was allowed to dry and the antibiotic disc was gently applied on the plate 
using sterile forceps. The plate was incubated at 37°C for 24 hours and the 
zone of growth inhibition was reported as sensitive (≥ 22 mm) or resistant 
(≤ 17mm).  
2.2.4.2.11 Aesculin-bile test:  
Aesculine-bile agar was Streak or spot-inoculated with tested 
organism and then incubated at 37°C for 24 hours for growth and 
blackening of medium.  
2.2.5 Antibiotic Sensitivity Tests:  
After identification of the isolated pathogens, all isolates were 
subjected to a number of antibiotic to detect their sensitivity using the disc 
diffusion technique (Cheesbrough, 2000). 
 The isolate was grown on nutrient agar and incubated for 24 hours, 
using sterile wire loop, 3-5 well isolated colonies were emulsified in 3-4 ml 
of sterile physiological saline, then the bacterial suspension was compared 
with the turbidity standard (Barium sulphate standard which equivalent to 
McFarland 0.5). 0,1 ml of the suspension was proved on DST, and the 
excess fluid was discarded and plates were allowed to dry. Using sterile 
forceps the antibiotic discs were placed on the surface of the agar, and the 
plates were incubated at 37°C for 24 hours. The diameter of each zone of 
  
 
inhibition around each disc was measured in millimeter and result was 
interpreted according to the interpretative chart as sensitive, intermediate or 
resistant. 
The sensitivity test was done in two steps, firstly all isolated 
strains are tested against the antibiotic that are commoly used in hospitals 
to control and treat postoperative wound infection these include 
Amoxicillin Clavulanic acid, Ciproflaxacin, Cifuroxime, Gentamicin, 
Metronidazole and penicillin. All resistant strains were further tested for 
sensitivity to other antibiotics that are not commonly used for control and 
treatment of post surgical infections. This group encompassed                     
Co-trimoxazol, cefotaxim, piperacillin, chloramphenicol, ceftizoxime, 
tetracycline, ofloxacin, amikacin and pefloxacin for gram negative bacteria,  
chlortamphenicol, erythromycin, streptomycin, tetracycline, Ampicillin and 













3.1 Sample and Bacteriology: 
A total of fifty swabs were collected from patients suffering from 
postoperative wound infections in Omdurman and Khartoum teaching 
hospitals. 
The sex, age and history of antibiotic therapy and the type and site 
of operation for each patient were recorded   (they were 32 males and 18 
females "Tab.1", average age was 58 with range of 18 - 80 years). 
Bacteriological examination of samples revealed that, 29 samples 
(58%) were pure culture (unimicrobial), 16 samples (32%) were mixed 
culture (polymicrobial) and 5 samples (10%) revealed no growth (Fig. 1).  
3.2 Postoperative wound infection among different age groups: 
Through the study of different age groups, the frequency of 
occurrence of post surgical wound infection in first group (1-18 years) was 
2%, in the second group (19-40 years) it was 30% and very high (68%) in 
third group (41-80 years) (Table 2). 
3.3 Postoperative wound infection and wound class:  
  
 
According to the wound class, it was found that the postoperative 
wound infection rate was 56% for clean operations, 35% for contaminated 
operations and 8% for infected ones (Fig. 2). 
3.4 postoperative wound infection and operation site: 
The relation between the type of operation (operation site) and risk 
of postoperative wound infection rate is shown in Tab. 3. The highest risk 
of postoperative infection was recorded among internal bone fixation 




















Table 1: Occurrence of surgical wound infection according to the sex  
Sex  No. of patients  Percentage  
Male  32 64% 








Table 2: Occurrence of surgical wound infection 
 In different age groups  
Age (in years)  No. of patients  Percentage  
1 - 18  1 2%  
19 - 40  15 30%  

















































Clean Contaminated Infected 
Fig. 2: Frequency of post operative wound 














Table 3: Number of patients with postoperative wound infection in 
different types of operation. 
Type of operation  No. Of patients  Percentage  
Internal bone fixation  13 26%  
Prostatectomy  9 18% 
Amputation  8 16%  
Labarotomy  7 14%  
Appendectomy  4 8% 
Cancer removal  2 4%  
Fistula  2 4%  
Colt removal  1 2% 
Skin graft  1 2%  
Kednectomy  1 2%  
Colostomy  1 2%  









3.5 Biochemical Methods and isolated bacteria: 
Biochemical tests used to identify the different bacterial isolates 
are showed in Tables 4 and 5, the bacteria identified included 
Staphylococcus species which represented 24.6% of isolates, Escherichia 
coli 23.1%, Klebsiella species 16.9%, Pseudomonas aeruginosa 12.3%, 
Proteus species 10.8%, Enterococcus faecalis 4.6%, Enterobacter cloacae 
3.1%. Yersinia intermedia, Serratia marcescen, and Providencia rettgeri 
accounted 1.5% for each (Fig. 3).  
 3.6 Sensitivity test: 
The different isolates were tested in vitro for sensitivity to 
antibiotic. Firstly, all isolates were tested against the commonly used 
antibiotic to control postoperative infection at Khartoum and Omdurman 
hospitals these included penicillin, amoxicillin clavulanic acid (amoclan), 
ciprofloxacin, gentamycin, cefruoxime and metronidazol. 
All isolates were resistance to metronidazole, 36.9% of isolates 
were completely resistant to all tested antibiotic used. E. coli(15 isolates), 
Kelbsiella sp (11 isolates), Pseudomonas sp (8 isolates), Proteus s                      
(7 isolates) Enterobacter cloacae (2 isolates), Yer. intermedia, Ser. 
Merscesnce and Prov. rettigrri (1isolate) showed 100% resistance to 
  
 
penicillin.100% resistance to gentamycin was recorded in isolates of 
Enterobacter cloacae, Yer. intermedia, Ser. Merscence and Prov. rettigrii. 
Only 9.2% of isolates sensitive to penicillin, 13.9% were sensitive 
to amoclan, 33.8% sensitive to ciprofloxacin, 27.7% sensitive to 
gentamicin and 18.5% sensitive to cefruoxime.  
Secondly, all isolates that were completely resistant to commonly 
used antibiotic were further screened for sensitivity to antibiotics which 
were not commonly used to control postoperative wound infection in 
Khartoum and Omdurman teaching hospitals. All gram negative isolates 
(100%) include Klebsiella sp (8 isolates), E. coli (7 isolates), Proteus sp      
(3 Isolates), Enterobacter cloacae (1 isolates) were sensitive to amikacin 
and all gram positive isolates mainly Staphylococcus aureus were sensitive 
to vancomycin. The antibiotic sensitivity patterns are showed in (Tables 6, 













Table 4: Biochemical reaction of Gram-positive isolated bacteria 
Character  S. aureus  S. pidermidis Enterococcus faecalis 
Shape  S S S 
Catalase  + + - 
Oxidas  - - - 
Motility  - - - 
OF F F F 
Maltose  + + + 
Manitol  + - + 
Lactose  +  - + 
Glucose  + + + 
Xylose  - - ND 
Sucrose  + + ND 
Trehalose  + - ND 
Coagulase  + - ND 
V.P + + - 
Novobiocin  S S  ND 




   S: sensitive.            F: Fermentative.             ND: not detected.  
   - = Negative.            + = Positive.  
 
Table 5: Biochemical reactions for Gram negative isolated bacteria 






P. vulgaris Ent. 
cloaca
Shape R R R R R R R R
Catalase + + +  + + +  + + 
Oxidase  - - - - + - - - 
Motility  + _ - - + + +  + 
O.F F F F F O F F F 
Glucose  + + +  + + +  + + 
Indol + - + + ND - + _ 
MR + - - - ND + + - 
Citrate  - + + - - + + + 
Urase  - + + + ND + + + 
H2S 
(KIA) 
- - - - ND + + - 
Gelatina
se  




ND ND ND ND + ND ND ND
Adonitol  - + + + ND - - - 
Inositol  - + + + - - - - 
Lactose  + + + + - - - + 
Manitol  + + + + + - - + 
Sorbitol  + + + + ND - - + 
Sucrose  + + + + - - + + 
Xylose  + + + + + + + + 
Growth 
at 42°C 
ND ND ND ND + ND + ND
 
R:  Rod                O : Oxidative             F: Ferment.              ND:  Not 
detected.  
+: Positive.                - : Negative.                      MR: 



































































































































Table 6: Sensitivity of all isolates to common used antibiotics in 
Khartoum and Omdurman hospitals 
Percentage of isolates sensitivity to
Penicillin   Amoxcillin clavulanic acid
Isolates No. of 
isolates
S I R S I R 
S. aureus  11 18.2% 0% 81.8% 0% 0% 100%
S. epidermids  5 20%  0% 80% 40% 0% 60%
En. Faecalis  3 100% 0% 0% 100% 0% 0%
E. coli 15 0% 0% 100% 6.7% 6.7% 86.6%
Klebsiella spp 11 0% 0% 100% 0.9% 0.9% 81.8%
Ps. aeruginosa  8 0% 0% 100% 12.5% 25% 62.5%
Proteus spp 7 0% 0% 100% 0% 14.3% 85.7%
Enterbactor. 
cloacae  
2 0% 0% 100% 0% 0% 100%
Yer. intermedia 1 0% 0% 100% 0% 0% 100%
Ser. merscesnce 1 0% 0% 100% 0% 0% 100%
Prov. rettigrri 1 0% 0% 100% 100% 0% 0%
 











Continue Table 6: 
 
Percentage of isolates sensitivity 
Gentamycin  Cefruoxim  
Isolates No. of 
isolates
S I R S I R
S. aureus 11 36.4% 54.5% 9.1% 36.4% 9.1% 54.5%
S. epidermids 5 80% 0% 20% 60% 0% 40%
En. Faecalis 3 33.3% 0% 66.7% 66.7% 0% 33.3%
E. coli 15 0% 6.7% 93.3% 0% 5.7% 93.3%
Klebsiella spp 11 0.9% 0% 99.1% 0% 0% 100%
Ps. aeruginosa 8 100% 0% 0% 0% 0% 100%
Proteus spp 7 0% 14.3% 85.7% 28.6% 14.3% 57.1%
Enterobacter. 
cloacae  
2 0% 0% 100% 50% 0% 50%
Yer. intermedia 1 0% 0% 100% 0% 0% 100%
Ser. merscesnce 1 0% 0% 100% 0% 0% 100%
Prov. rettigrri 1 0% 0% 100% 0% 0% 100%
 
 












Table 7: Sensitivity of completely resistant Gram negative bacteria 
to different types of antimicrobial in percentage  
Co-trimoxazole Ofloxacin  Piperacillin  AmpIsolates  No. of 
isolate  S I R S I R S I R S 
Klebsiella 
spp 
8 0% 0% 100% 75% 0% 25% 100% 0% 0% 37.5%
E. coli 7 0% 0% 100% 42.9% 10% 57.1% 100% 0% 0% 42.9%
Proteus 
spp 
3 33.3% 0% 66.7% 66.7% 0% 33.3% 100% 0% 0% 100%
Ent. 
cloacae 
1 0% 0% 100% 0% 0% 100% 100% 0% 0% 0%
 
 
Table 7: continue   
Co-trimoxazole Ofloxacin  Piperacillin  AmpIsolates  No. of 
isolate  S I R S I R S I R S
Klebsiella spp 8 50% 0% 50% 0% 37.5% 62.5% 0% 0% 100% 0%
E. coli 7 0% 0% 100% 0% 0% 100% 0% 0% 100% 14.3%
Proteus spp 3 0% 0% 100% 0% 0% 100% 33.3% 66.7% 0% 0%
Ent. cloacae  1 0% 0% 100% 0% 0% 100% 0% 0% 100% 0%







Table 8: Sensitivity of completely resistant Gram positive bacteria to 
different type of antimicrobial in percentage   
Chloramphenicol  Cloxacillin Erythromycin Isolates  No. of 
isolate  S I R S I R S I R 
40% 0% 60% 0% 0% 100% 0% 40% 60% 
Streptomycin Ampicillin  Vancomycin  
S I R S I R S I R 
S. aureus  5 
0% 0% 100% 0% 0% 100% 100% 0% 0% 
 




















The objective of the present study was to isolate, identify and 
study the antibiotic sensitivity profile of aerobic bacteria associated with 
postoperative wound infection in Khartoum and Omdurman hospitals.  
  A total of 50 patients, 32 males and 18 females were investigated 
in this study, Results of the present investigation established that 
postoperative wound infections is more frequent in males than females, this 
finding is consistent with study done by Noble et al., (1976) who found that 
males dispersed normal skin organisms more than did females, also males 
were heavily colonized than females. The finding also agreed with study 
done by Kotisso and Aseffa (1998), who reported that out of 129 
abdominal surgical wound, 97 were males and 32 females. 
 In this study, 68% of patients that become infected 
postoperatively were between 41 -80 years old. It has been established that 
the age of patients was a significant risk factor and postoperative wound 
infection occurred more frequently in elderly than younger, regarding the 
infection as it is known that general host resistance is influenced by the 
patient's age. This finding is consistent with the studies of Lawal et al. 
(1990) and Nichol and Smith. (1993) in which one of the significant risk 
  
 
factor of the postoperative wound infection is the age over 60 years.  
             Out of 50 postoperative wound samples cultured for bacteria, 58% 
revealed pure culture, 32% of samples showed mixed culture and 10% 
samples showed no growth. This result is in accord with the study 
performed by Giacometti et al. (2000), who reported that out of 676 
samples from postoperative wound infections, a single etiologic agent was 
identified in 271 samples, multiple agents were found in 343, and no agent 
was isolated in 62 samples.  
According to the wound class, it was observed that the infection 
rate was 56% for clean operations, 36% for contaminated operations and 
8% for infected operation. Results of this study showed that the wound 
infection rate is very high in clean operations. In hospitals of developed 
countries surgical wound infection of more than 1.5% in clean operation is 
considered unacceptable (Sapiston, 1991), the low incidence of 
postoperative infection of clean operation in these countries is attributed to 
proper implementation of basic aseptic and antiseptic measures and the use 
of effective prophylactic antibiotics. The figure for our hospitals for clean 
operations is extremely high, (56%) necessitating a prompt re-evaluation of 
sterilization and prophylactic measures.  
In this study Staphylococcus species and E. coli were the most 
common isolates representing 24.6%, 23.1% respectively followed by 
Klebsiella species (16.9%), Ps. aeruginosa (12.3%), Proteus species 
  
 
(10.8%), Enter. faecalis (4.6%). Similar results were reported in Ethiopia 
by Kotisso and Aseffa (1998), that S. aureus and E. coli were the leading 
etiologic agents of postoperative wound infection with rates of 28% and 
27% respectively. The finding is also consistent with that of Giacometti          
et al (2000) that the common bacteria isolated from post-operative wound 
infections were S. aureus (28.2%), Pseudomonas aeruginosa (25%), E. coli 
7.8%,  S. epidermidis (7.1%) and Enter.  faecalis (5.6%).  
In this study the overall sensitivity pattern of the isolates to 
antibiotic commonly used to control postoperative wound infection showed 
high resistance rate, out of 65 isolates 23 isolates (35.9%) were completely 
resistance to all antibiotic used, 19 of these resistance isolates were Gram 
negative and include 8 isolates of  Klebsiella, (42.1%), 7 E. coli  (36.8%), 
3Proteus 15.9% and one isolate of Enterobacter cloacae (5.3%). The 
remaining 4 resistance isolates were S.aureus, this result agreed the with 
evidence that hospital acquired infection attributable to Klebsiella, 
Serratia, Proteus, Enterobacter and other Gram-negative bacteria are 
increasing and these bacteria had developed resistance to many antibiotics. 
The development of high level of resistance to these antibiotics 
might have arisen from prolonged and constant use to control               
postoperative wound infection which resulted overtime in the selection of 
resistant strains of these types of bacteria that remained circulatory within 
the hospital community privilegiry from the improper use and 
  
 
implementation of strict asepsis and sterilization techniques.   
CONCLUSION 
• Postoperative wound infection is associated with considerable patient 
morbidity and mortality and lead directly or indirectly to an enormous 
increase in the cost of treatment and hospital care and to the 
emergence of resistant bacteria. 
•  Escherichia coli, Staphylococcus aureus and Klebsiella species are 
the most common causes of postoperative wound infection.  
•  Emergency of resistance especially among Gram negative bacilli 
(Klebsiells species, E. coli, Proteus species).  
•  Amikacin is a magic antibiotic that able to kill all gram negative 
resistant bacteria.  
•   Most of the organisms isolated were resistance to most of the 
commonly used antibiotics.  
• The treatment of post operative wound infection is very expensive due 
to cost of drugs, staff needed and above all pain, suffering and long 
hospital stay and even possible death of the patients. The old adage 
(prevention is better than cure), still stand. 
• The inappropriate usage of antimicrobials in surgical preoperative 






Based on our result and findings, we come out with the 
following recommendations:  
•  The choice of antibiotic should be made according to data on 
Pharmacology, microbiology, clinical experience, economy, and 
after swab cultured an antimicrobial sensitivity test performed for 
proper selection of antibiotic.  
• The tow hospitals should immediately stop using the antibiotic 
studied here and lock for new antibiotic depending on results of this 
study and further studies. 
• The hospitals should carefully revise the asepsis and sterilization 
methods. 
• The health outharity in these hospitals should periodically test the 
used antibiotic against bacteria isolated routinely from postoperative 
wound infection. 
• Universal precaution to protect spread of resistance bacteria can be 
used for example; patient who are colonized or infected with 
resistance bacteria should be placed in private room because 
transmission of resistance bacteria between patients in close contact 
has been documented. Barrier precaution includes gloves gowns and 
  
 
mask should be always used. 
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1- Patient 's name ………………….  
2- Sample No. …….. 
3- Sex ……..  
4- Age ……. 
5- Hospital ………………….. 
6- Ward …………. 
7- Type of operation ……… 
8-Operation class ………………. 
9-Wound class …………….. 
10-Wound site …………………. 
11- Antibiotic treatment: 
                   Pre-operation ………………………………….. 
                  Post-operation …………………………………. 











2- Zone diameter interpretative chart for antimicrobi al test discs (Arcomex) 
  
 
Zon of inhibition(diameter)in 
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